Objectives: Maintaining good cognitive function with aging may be aided by technology such as computers, tablets, and their applications. Little research so far has investigated whether internet use helps to maintain cognitive function over time. Design: Two population-based studies with a longitudinal design from 2001/2003 (T1) to 2007/2010 (T2).
Introduction
Cognition represents a spectrum of higher order cerebral functions (Cohen et al., 2016) , and it is mostly agreed that with age change occurs in memory, information processing and dividing attention. These changes tend to be associated with, yet not determined by, chronological age. There is enormous variability in the rate of cognitive decline in older adults across cohorts and individuals (Baltes, 1997) .
It is difficult to pinpoint what the reasons are for changes in cognitive functioning. As age increases, the brain undergoes a series of changes, namely in gray and white matter, neurochemical alterations, blood flow reductions, and synaptic degeneration. Some have claimed that with age there is a decrease in the speed of processing information in the cognitive system (Salthouse, 1996) . Problems can arise, therefore, in learning and in retrieving information, resulting in memory problems (Jolles et al., 1995) .
Research has indicated that it is possible to compensate for changes in the aging brain, as seen with some older adults (Cabeza et al., 2002) . Using the internet may help older people to train certain tasks, which in turn may help them to avoid losses and foster maintenance. For example, online shopping may help older people to stay independent, and playing games on the internet may stimulate information processing speed.
Promoting healthy cognitive aging is key in supporting our aging societies. The proportion of older adults is increasing in our communities, so it benefits the whole society to help the elderly sustain a healthy aging mind as the contrary leads to high social, personal, and healthcare costs.
Today's information society offers a wide range of services, including information which may facilitate healthy aging for older adults (Sanchez-Valle et al., 2017) . Internet usage is rising among older adults, with a major increase in usage in just the last few years. In Europe, the percentage of people 65-74 years of age who had used the internet in the last three months was 27% in 2010 compared to 49% in 2016 (Eurostat, 2017) .
Little research has been done so far to investigate whether internet use is a means to maintain cognitive function over time. One British study investigated whether internet use reduced cognitive decline indicating that in addition to higher education and no functional impairments, internet or email use were specifically associated with better performance in delayed recall (Xavier et al., 2014) . Other research has indicated that internet use by older adults may promote well-being and may impact independence and health, which in turn can lead to a positive effect on cognitive function (Ashby et al., 1999) . A review of interventions on sustaining and testing cognitive performance indicated that many studies were weak on the fact that the samples and context (such as intensity of usage) were heterogeneous, making generalizations difficult (Reijnders et al., 2013) .
The current study adds to the scarce available evidence by addressing the question whether internet use is associated with change in cognitive functioning in two longitudinal studies from Sweden and the Netherlands, two countries with similar welfare levels and some of the highest percentages of older adult internet users. One difference between these two countries, which may be relevant to internet use, is the much lower population density in Sweden than in the Netherlands (Berner et al., 2015) . We hypothesize that there is less decline in cognitive function in older adults who use the internet.
Methods

Study samples
In order to achieve a stronger evidence base, data are used from two population-based longitudinal studies on aging with similar designs.
The Swedish data is from the Swedish National Study on Aging and Care (SNAC), which has been an ongoing study since 2001 with the aim to investigate, monitor, and evaluate the health of the aging population of Sweden. There are four participating regions: Kungsholmen (Stockholm), Skåne, Nordanstig, and Blekinge. Several questionnaires and interviews were used. Participants were randomly selected from 11 age cohorts of people 60 years and older. From the eligible persons, 66.4% participated in the baseline (2001/2003) examination, with six-year follow-ups. For a more detailed description of SNAC, see Lagergren et al. (2004) .
The Dutch data is from the Longitudinal Aging Study Amsterdam (LASA), which investigates predictors and consequences of changes in social, mental, and physical functioning in the aging population of the Netherlands. Random samples of older people were drawn from population registers in 11 municipalities in three regions in the Netherlands. The first cohort (aged 55-85) was interviewed in 1992/1993 with a response rate of (62%), and since, they were followed-up with every three years. For a more detailed description of LASA, see Huisman et al. (2011) . For the current study, the LASA measurement cycle (2001/2002) closest in time to the SNAC baseline (2001/2003) was considered as the baseline.
The authors selected from the baseline of SNAC and the LASA cycle a sample, which consisted of a similar age group, who had answered the question on internet use and who had taken the Mini-Mental State Examination (MMSE) at two time points T1 (2001-2003) and T2 (2007-2010) .
The sample size in SNAC at T1 of people 66 years of age and above was N = 5,628. We selected those who answered the question on internet use, reducing the sample size to N = 4,840. We then selected those who answered the MMSE at T1, reducing the sample to N = 4,693, and those who answered the MMSE at T2, reducing the sample to N = 2,872. This gave us a Swedish sample of size N = 2,872. There were 14.0% of older Swedish adults who did not answer the question on internet use at T1. They were older (mean age 77), had more functional limitations and lived alone more often.
At first, the sample size in LASA was N = 1,412. After selecting those 66 years and older, the sample was reduced to N = 1,351. Then selecting those who answered the question of internet use reduced the sample to N = 1,236. Selecting the participants who answered the MMSE at T1 (N = 1,230) and then at T2 reduced the sample to N = 683. The final Dutch sample used in this study was N = 683. There were 8.5% of respondents who did not answer the question on internet use. These people were older (mean age 82), living alone, and had more functional limitations.
Measures
From the measures deemed relevant, we selected those that the two studies had in common.
The question about internet use was asked in a way to garner a yes or no response from the subject. Cognitive functioning was measured using the MMSE, a screening test of cognitive impairment in older persons (Folstein et al., 1975) . This test consists of 23 items covering the domains of orientation, memory, attention, language and visual construction. The scores range from 0 to 30, with higher scores reflecting better cognitive functioning. Respondents with an MMSE score under 11 were excluded. It was deemed that people scoring 11 and lower would not be able to properly answer the question about internet use. The MMSE was used as a continuous measure in this study.
As potential confounders of the association between internet use and cognitive function, the following were selected: education, gender, age, functional limitations, and living alone or not. With respect to education, the last century has seen an expansion in education where more people attend school for a longer period of time, which is associated with an increase in cognitive scores over time. Education levels were dichotomized into lower and higher education (secondary school and above).
Functional limitations have been reported to predict cognitive decline (Ellwardt et al., 2015) and also to hamper computer use (Berner et al., 2016) . Functional limitations were assessed with a self-reported questionnaire based on a selection of questions from the Instrumental Activities of Daily Living questionnaire (Lawton and Brody, 1969) and the Organisation for Economic Co-operation and Development (OECD) scale (McWhinnie, 1981) . The questions asked about walking up and down 15 flights of steps, cutting one's toenails, being able to use public transport, walking for five minutes without stopping, being able to sit and rise from a chair, and being able to dress/ undress oneself. A functional limitation was defined as having difficulty or not being able to do the activity and scored as 1; having no difficulty was scored as 0. The six items were summed, so that the higher the sum score the more problems in daily functioning. It was used as a continuous variable in the analyses.
The living situation (i.e. living alone or not) might be a potential confounder because living with someone is assumed to lead to more social behavior such as talking and engaging with others. Studies have indicated that living alone can lead to a two-times greater likelihood of cognitive decline compared to not living alone (Van Gelder, et al., 2006) . Moreover, living with someone has been shown to be associated with more internet use, as observed in a study conducted on older adults living in rural and urban Sweden (Berner et al., 2015) . Living with the spouse, with family, or in an institution/home was considered as not living alone and was coded as 0, while living alone was coded as 1.
Analyses
The Swedish sample was weighted to the Dutch sample by gender and age in five-year strata (66-69.9; 70-74.9; 75-79.9; 80-84.9; and 85+). This was done to have comparable age and gender distributions for Sweden and the Netherlands.
The first approach to capture the change in cognitive function between the waves T1 (2001/ 2003) and T2 (2007/2010) was to calculate the difference in the MMSE score, i.e. the score at T1the score at T2.
A difference score is not an optimal approach because of the likelihood of regression to the mean. Moreover, a difference of, for example, two points may mean a lot in highly functioning individuals but may mean less in individuals with poor functioning. Therefore, in addition, a significant decline in cognitive scores was used. The Edwards-Nunnally (EN) index determines significant change in the cognitive score between two measurements, thereby avoiding regression to the mean (Speer and Greenbaum, 1995) . To determine significant cognitive decline (yes/no), the following formula was used: X T2 < (Cronbach's α * (X T1 − mean) + mean − 1.960*Standard error). X T1 and X T2 refer to the individual's raw score on T1 and T2, respectively.
To illustrate how the scores are distributed in the two categories, no significant decline and significant decline, the difference score of T1 -T2 was cross tabulated with the significant cognitive decline score computed with the EN index. A significant decline represented a difference of at least four points on the MMSE (Supplementary material).
Two analytic approaches were used for both the Swedish and Dutch studies. First, in linear regression analysis, the MMSE difference score was the dependent variable. Secondly, logistic regression was used with the EN index as the dependent variable. In both analyses, the first model was adjusted only for cognitive score at baseline in order to rule out reverse causation, i.e. those initially more cognitively able may be using the internet more and may be declining less. The second model was additionally adjusted for the following independent variables: internet use, gender, age, education, functional limitations, and living situation. The results were synthesized using a meta-analytic approach in R-studio with inverse weights for study size. As there were only two studies, no heterogeneity could be determined. Table 1 describes the sample characteristics for Sweden and the Netherlands in time T1 (2001) (2002) (2003) and T2 (2007-2010) . After applying weights to the Swedish sample, in both samples the initial age was 74 years, and 59% was female. Both samples had comparable scores with respect to functional limitations, cognitive mean scores, and people living alone. However, for education, the percentages were clearly different; the Dutch sample being less educated than the sample from Sweden.
Results
Among older adults in Sweden, internet use at baseline was 26.4%, whereas in the Netherlands it was 13.3%. Over time, internet use increased by 4.9% points in Sweden and 13.9% points in the Netherlands. Table 2 presents the cognitive scores as well as the significant change in cognitive score (EN index). In the Netherlands, the mean MMSE score is 27.8 at T1 and in Sweden, 28.1. Both countries had a decrease in mean MMSE score at T2. The EN index showed that 9.2% of the participants in Sweden and 17.0% in the Netherlands had a cognitive decline.
By means of linear regression analysis, we studied whether internet use was associated with change in cognitive scores (Table 3 ). A first model only including a baseline cognitive score showed that internet use was significantly associated with reduced cognitive decline over time in both cohorts with regression coefficients − 0.70 in Sweden and − 0.85 in the Netherlands. In both cohorts, this association became weaker when adjusting for other variables, but remained significant; using meta-analysis, the adjusted summary regression coefficient was − 0.32 (95% CI: − 0.62, − 0.02). In the Swedish cohort, the covariates of gender, age, living alone, and functional limitations were also significantly associated with a decrease in cognitive score. In the Dutch cohort, only age was additionally significant when associated with a decrease in cognitive score.
Regarding the association between internet use and significant decline as defined by the EN index Table 4 shows that in Sweden internet use was negatively associated with decrease in cognitive function (OR: 0.34, 95%CI: 0.23, 0.51). When adjusted for covariates, this association was attenuated but remained significant. In the Netherlands, internet use was not significantly associated with significant cognitive decline (OR: 0.56, 95%CI: 0.25, 1.03). Adding covariates again attenuated these associations, but in Sweden the association remained significant. Meta-analysis showed a significant adjusted summary effect across the two studies (OR: 0.54, 95%CI: 0.37/0.78). In Sweden, the covariates that showed significance were age and functional limitations; in the Netherlands, again, only age showed significance.
Discussion
This study sought to explore whether the cognitive activity of using the internet was associated with less cognitive decline over time in older adults 66 years of age and above. After adjustment for confounders in the linear model, internet use was significantly associated with the six-year difference in MMSE score in both countries. In the logistic regression model, with significant decline in cognitive score, in the Netherlands there was no significant association between internet use and cognitive decline after adjustment for covariates, whereas in Sweden, this association remained significant. Using a metaanalytic approach, the summary effect was significant, indicating that internet users have only half the chance of significant cognitive decline than noninternet users. The linear regression analyses of the MMSE difference score showed that internet use is associated with a relatively small cognitive decline, as difference scores of one, two, or three points were most common (see Supplementary material). This small difference may have less relevance with regard to true cognitive decline. Significant decline using the EN index started only at a four points difference. Notably, internet use showed a consistent association even with this more severe cognitive decline.
The difference in strength of the findings in Sweden and the Netherlands might be explained by several factors. In Sweden, people started using the internet earlier than in the Netherlands. Daily use by Swedish older adults could therefore be more rooted than in the Netherlands. Also, the types of use may differ between Swedish and Dutch older adults. It may be that the tasks that are done online are key in the association of cognitive maintenance.
Our study was not able to compare types of use; future studies are necessary to further examine this. This study used population-based, longitudinal data from two countries, and it used the same design and regression models. This replication demonstrated for each country similar results in the main association, i.e. that internet use was associated with less subsequent cognitive decline. However, differences were found in the association of covariates. The fact that the relevant confounders differed between Sweden and the Netherlands suggests a different distribution of the pertinent characteristics, pointing toward "intergroup" distinction of older adults and their cognitive function (Smith Jr., 1970) . In our Dutch sample, the older adults had a lower education level and more of a cognitive decline compared to the Swedish sample.
A further strength of this study is the relatively high mean age of the samples (initially 74 years). Many studies tend to focus on 65-75-year-olds when studying technology use. For the oldest old internet use might be more difficult to learn or handle. It is known that, with age, it can be difficult to adopt a task if it represents an unfamiliar cognitive domain. Hence, taking up the learning of a new task with computers or even guiding oneself through information seeking online can become problematic (Czaja, 2005; Park, 1992) . For example, if a website is loaded with information, it could put a person off trying to learn how to navigate through the website. Or when less frequent users have gotten used to a layout in an email program or other frequented website which then changes, there is a large chance that they will not have the energy to learn to use the redesigned program or website.
It should be noted however, that old age is not the only relevant factor in both cognitive decline and technology use. Much depends on previous experience and the individual; one aging person differs from the other, and when it comes to cognitive function, there is no one-on-one relation between age and a certain cognitive score. Cognitive functioning is dependent on many factors such as genetics, environment, education, personal history, and physical and emotional capabilities. In the same vein, internet use may be beneficial for some but not for other older people. Future research needs to identify specific groups that benefit most from internet use.
For the coming generations using the internet in old age may be a given and something not even questionable. This can be positive, as this study showed that internet use was associated with less cognitive decline. For an older person, however, it could be that some aspects of what one was able to do online no longer are possible due to decline in motor skills, eyesight, or cognitive skills. Learning a new tool can be difficult in the third and fourth age, and if technology advances at the pace as it does now, it is very hard for some to keep up. If it is a question of using the same technology throughout the years, this will be an easier task. Always having to train and relearn can become tedious, and this should be considered by those developing policies, programs, and computer software.
Limitations
It should be noted that our sample only included people who answered the question on internet use at T1, who were 66 years of age and above, and who answered the MMSE at both time periods (T1 and T2). Those with incomplete data were older, had more functional limitations, and lived alone compared to those with complete data. It is difficult to estimate if and how this bias could have affected our findings.
Our study covers the period 2001-2010. It may be that the results are partly a cohort effect. Once the smartphone and tablet were more common in everyday use (from 2007 onwards), it might have been easier to start using the internet for some people. Thus, repeating this same study taking a sample from 2011 onwards could give different results with respect to change in cognitive function.
We used the MMSE, which is a global measure for cognitive functioning and not sensitive to subtle changes in cognitive function. There could also be a threat to external validity as the MMSE was given to the same people at least twice, possibly making them more comfortable as they were acquainted with the questions of the test. This could underestimate the change in cognitive score over time, as a person may score higher if the test would have only been given to them once, or if a different test was used at each time point.
Conclusion and recommendation
This study found an association between internet use and less cognitive decline during a period of six years (2001/2003-2007/2010 ). The results could be seen as a potential indication of internet use having a positive impact on healthy cognitive aging. It would, however, be useful to first replicate our findings in other studies and contexts. In particular, specific internet activities could be addressed. Also, more specific cognitive outcomes could be examined, such as information processing speed, cognitive flexibility, and magnetic resonance imaging (Slegers et al., 2009; Webster et al., 2017) , and more pertinent confounders could be added, such as vision impairment and personality (Gell et al., 2015; Berner et al., 2017) . If replicated, our findings may warrant well-designed intervention studies (Klimova, 2016; Yates et al., 2016) . It has been recommended that cognition-focused interventions should implement newly acquired skills and strategies in the everyday context (Kurz et al., 2011) . Moreover, multi-domain, cognitively stimulating activities have been shown to improve general cognitive functioning (Huntley et al., 2015; Ihle et al., 2017; Sherman et al., 2017; Zhu et al., 2017) . Internet use, once adopted, is apt to become part of everyday activities. It involves several cognitive as well as motor functions, and many internet activities are cognitively stimulating. Thus, internet use appears to be a promising candidate for cognition-focused intervention.
